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ABSTRACT

The static stability characteristics of
ring tails on a body of revolution has been

investigated during a series of wind tunnel
tests. Mach numbers varicd from 0.8 to
4. 5, and ring diameters varied from 1. 25
to 2. 50 calibers. This report presents a

tabulation of the basic results obtained
from the tests.
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SYMBOLS AND MODEL NOMENCLATURE

CAB Base Axial-Force Coefficient, Base Axial Force
qS

CAF Forebody Axial Force Coefficient, Forebody Axial Force
qS

Pitch Moment About Nose
CM Pitching Moment Coefficient, - , Db

CN Normal Force Coefficient, Normal Forre
qS

Db Reference diameter-body maximum diameter

M Mach number

Q Dynamic pressure, psi

RN Reynolds number per in. X 10 - 6

S Reference area, Db
4

ALP Angle of attack

B Body

T Ring Tail Configuration

X Ring Tail Position, where:

XI - Ring trailing edge 0.5 caliber forward of model base
X2 - Ring trailing edge at the model base
X3 - Ring trailing edge 0. 5 caliber aft of model base
X4 - Ring trailing edge 0. 9 caliber aft of model base
X5 - Ring trailing edge 0. 25 caliber aft of model base.



1. Introduction

The Aerodynamic Branch of the Advanced Systems Laboratory
is currently engaged in a supporting research program that primarily
involves base drag reduction.* One promising method of base drag re-
duction is by the favorable interference induced by a ring tail. However,
before investigating the effect of ring tails on base drag, it should first
be determined if any undesirable stability characteristics are present.

A preliminary wind tunnel investigation was made to explore the
force and moment characteristics of a, systematic series of ring tail-
body combinations. The purpose of this report is to present the experi-
mental results obtained at Mach numbers from 0. 8 to 4. 5 and through
an angle-of-attack range that varied from -4 degrees to 6 degrees.

Analysis of these results is in preparation. 1, 2

2. Apparatus and Procedure

The transonic portion of the tests was conducted in the Aero-
dynamic Wind Tunnel, Transonic (TI) of the Propulsion Wind Tunnel
Facility, Arnold Engineering Development Center (AEDC), Arnold Air
Force Station. The supersonic portion of these tests was conducted in
Supersonic Wind Tunnel No. 1, Ballistic Research Laboratories (BRL),
Aberdeen Proving Ground, Maryland.

The Transonir (TI) facility is an open-circuit, continuous-flow
wind tunnel capable of operation at Mach nurrn'jers from 0. 5 to 1. 5. The
test section is 12 inches square by 37. 5 inches long and has four parallel
perforated walls.3

*This program is being conducted as a part of SR-Project, Base
Drag Reduction, Code 5210. 11. 148.

1 Paul R. Connolly, "The Zero-Lift Foredrag and Body Base Drag
Coefficients of a Series of Ring Tail-Struct-Body Configurations at Mach
Numbers from 0. 8 to 4. 5." Army Missile Command RF-TR-65-8.

1 Charles E. Brazzell, "Longitudinal Stability Characteristics of a
Series of Ring Tails on Bodies of Revolution at Mach Numbers From
0. 8 to 4. 5." Army Missile Command RF-TR-65-7.

3 Arnold Engineering Development Center, Propulsion Wind
Tunnel Facility, Vol. 3, July 1963, Test Facilities Handbook.



The Supersonic Wind Tunnel No. 1 is a closed-circuit, continuous-
flow, variable-density facility with a flexible nozzle for obtaining a
Mach number range of from 1. 5 to 5.0. The test section is 13 inches
wide by 15 inches high. 4

The same model was tested at AEDC and at BRL. The model was
constructed so that components could be interchanged to test various
body and ring tail combinations. The test bodies were 1. 15 inches in
diameter with a 4-caliber ogive nose and a total length of 10 calibers
(Figure 1). Ring tails are attached to the bodies with either the four
round support posts (Figure 2) or with the four faired support fins
(Figure 3).

Five wind tunnel test programs were conducted. Table 1 lists these
programs and shows when and where each body tail configuration was
tested. (Body BI data from these five separate tests are shown in
Table 3.) The body and total configuration data may be matched by
referring to Table 1.

The model was sting mounted in the test section on a six-
component internal strain gage balance. Base pressure measure-
ments were obtained from a pressure transducer connected to two
pressure orifices located in the plane of the body base. The angle
of attack range was generally from -4 degrees to 6 degrees, and the
Mach number range for the combined tests extended from 0.8 to 4. 5.

The calculated inaccuracies in the test data which take into account
-; accuracy in the balance measurements and the tunnel test conditions

are as follows:

AEDC Transonic (TI)

MW CN CM CAB CAF

0.8 *0.01 *.0.026 *0.008 *0.012

1.0 *0. 008 *0.022 *0.006 *0. 010

1.5 *0.007 *0. 017 *0.005 *0.008

4 . C. McMullen, Ballistic Research Laboratories, Wind Tunnel
Testing Facilities at the Ballistic Research Laboratories, July 1960.

2



BRL Supersonic Wind Tunnel No. 1

CN CM CAB CAF

1.75 *0.008 *0.024 *0.005 +0.005

3.0 *0. 008 *0.021 *0.004 *-0.004

4.5 *0. 009 *0. 017 *0. 005 *0. 005

Configuration T13R has the same dimensions as T13 except the
ring has been reversed to give internal compression instead of
expansion.

3. Results

An index of the tabulated data is shown in Table 2. The
aerodynamic coefficients for the various configurations are presented
in tabulated form in Tables 3 through 54.
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Table 1. Wind Tunnel Test Program

AEDC BRL

Config. .80 0.90 0.95 1.00 1.05 1.10 1.20 1.30 1.50 1.75 2.00 2.50 3.00 3.50 4.00 4.50

Bl 2,3,5 2.3.5, 2 2.3.5 ,2 2.3,5 2 2,3,5 2,3.5 1,4 1,4 1,4 1.4 1 1

B2 5 5 5 5 5 5 5 5 1 1 1 1 1 1

BITIXI 2 2 2 2 2 2 2 2 2 1 I 1 I I I

X2 2 2 2 2 2 2 2 2 1 I I I I I

X3 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1

BITZXI 3 3 3 3 3 3 3 3 I 1 1 1 1 1

X2 3 3 3 3 3 3 3 3 1 1 1 I I I

X3 3 3 3 3 3 3 5 3 1 1 1 1 1 1

BIT3XI 5 5 5 5 5 5 5 5 1 1 1 I 1 i

X2 S 5 5 5 5 5 5 5 I I I I I I

X3 5 5 5 5 5 5 5 5 1 I I I I

BIT4XI 5 5 5 5 5 5 5 5 1 1 1 1 1 1

X2 2 2 2 2 2 2 2 5 5 1 I I 1 1 1

X3 2 2 2 2 2 2 2 5 5 1 1 I 1 1

X4 2 2 2 2 2 2 2 S 5 4 4 4

B2T4XI 5 5 5 5 5 5 5 5 1 1 1 1 1 I

X2 5 5 5 5 5 5 5 5 1 1 1 1 1 I

X3 5 5 5 5 5 5 5 5 1 1 1 1 1 1

BITSXI 5 5 5 5 5 5 5 5 1 I I I 1 1

X2 2 2 2 2 2 2 2 5 5 1 1 i 1 I I

Xl 2 2 2 2 2 2 2 5 5 1 1 1 I I I

BIT7XI 5 5 5 5 5 5 5 5 1 1 1 1 1 1

X2 5 5 5 5 5 5 5 5 I 1 I I I I

X3 2 2 2 2 2 2 2 5 S I I 1 1

X4 2 z 2 2 z 2 2 5 S 4 4 4

BITSXI 1 1 1

X2 I 1 I I

X 1  
I 1 I

BITSSXI 1 I I I

X2 I I I 1 1

X3 1 I i 1

BITIOXI i i 1 1

X2 i 1 I I

X3 1 1 1 i

BITIIXI I I I 1

XzI I I 
xi I I i I 1
X31

BITIZXI S 5 5 5 5 5 4 4 4 4

X2 3 3 3 4 1 3 4 4 4 4

XSS S 5 5 5 5 5 5 4 4 4 4

BIT13XI k 3 3 1 3 3 3 4 4 4 4

X21 3 3 3 3 4 4 4 4

XS 3. 3 3 3 3 4 4 4 4

BTI3SX I 1 3 1 5 3 3 3 4 4 4 4

xz 1 1 3 3 3 3 4 4 4 4

X 51 3 3 1 3 5 5 4 4 4 4

BITI RX3 3 I 1 3 1 3 4 4

X2 3 3 1 3 3 3 4 4

X ) 3 3 3 1 3 4 4 4 4

BIT14XI 3 5 3 3 1 i5 4 4 4

X53 1 3 
4XZ 3 3 3 3 4 4 4 4

XS I 1 , 1 } , 4 4 4 4

TEST NUMBERS:

1. BRL-iS38; 13-23 May I%3 4. BRL-"I; 1-11 September 1964

2. AEDC-TM71 19-22 November 190 5. AEDC-TMi93; Z September - 6 October 1964
3. AEDC-TM19). I i S.ptember Iqb4
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Table 2. Index of Tabulated Data

Table Conf ig. Table Config. Tabe Config.
Number Number Numbe r Number Numbe r Numbe r

3 BI 21 BITSXI 39 BlT1lX3

4 B2 22 BlT5X2 40 B1Tl2Xl

5 BiTiXl 23 BlT5X3 41 BlT12X2

6 BlTlX2 24 BlT7Xl 42 BIT12X5

7 BlTlX3 25 BIT7X2 43 B1TI3X

8 B1T2Xl 26 B1T7X3 44 BlT13X2

9 B1T2X2 27 BlT7X4 45 BIT13X5

10 BlT2X3 28 BlT8Xl 46 BI13RXI

I1I BITMX 29 B1T8X2 47 B1T13RX2

12 B1T3X2 30 BlT8X3 48 BIT13RXS

13 B1T3X3 31 B1T8SXl 49 BIT13SXI

14 BIT4X1 32 B1T8SX2 50 BlT13SX2

15 B1T4X2 33 BlT8SX3 51 BI13SX5

16 B1T4X3 S4 BITIOXI 52 BIT14XI

17 B1T4X4 35 BIT1OX2 53 B1T14X2

18 B2T4Xl 36 B1T1OX3 S 4 B1T14X5

19 B2T4X2 37 BITlIM

20 B2T4X3 38 B1TIIX2

9
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